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Momentum Spectrum for E787π
+

B(K+
→ π+γγ) = [6.0 ± 1.5 ± 0.7] × 10−7

B(K+
→ π+γγ) < 5.0 × 10−7Above K+

→ π+π0 peak

Below K+
→ π+π0 peak

P. Kitching et al., Phys. Rev. Lett. 79, 4079 (1997).

solid = best fit 
dashed = phase-space distribution

e787
results

e949 search 
region



Branching Ratio from ChPT

ĉO(p6) = 1.8 =⇒ B = 6.1 × 10
−9

ĉO(p4) = 1.6 =⇒ B = 4.9 × 10
−10 Order of Magnitude 

different!

Values obtain from E787 1991

WHY TWO PLOTS
DIFFERENT???

solid : ĉ = 1.8 (unitary corrections)

dashed : ĉ = 1.6 (no corrections)

• O(p6) corrections 
increase BR by 30-40%.

• Finite BR at kinematic 
end point.



E949 Detector & Trigger

• Trigger on 1 or 2 γ clusters

• K+enters detector & stops.

• K+decays : detect π+and γs

• γ in Barrel photon detectors

• long range π+

• 2γ → 1 γcluster for high mom. π+



Backgrounds & Trigger Events

K+ decays at rest

K+
→ π+γγ triggers

E949 Signal
Region

LARGEST Background is

E787 Signal 
Region

K+
→ π+π0

;π0
→ γγ

SAME FINAL STATE!

from K+
→ π+π0

Background

Background

K+
→ µ+νγ

K+
→ µ+π0ν



Background

K+
→ π+γγ signal

background from K+
→ π+π0

• K+
→ π+π0

;π0
→ γγ

π0
→ γγ, 245.6 MeV

cos(θ between γs)

π+ mom. > 215 MeV/c

cos(θγγ)

• Use π
+

kinematics

• Opening angle cut on γs

K
+
→ π

+
π

0

Suppress backgrounds



Overlapping      Backgroundγ

• Cut on overlapping γ by
observing larger than expected energy

K
+
→ π

+
π

0



Results

Background Background level

K
+
→ π

+
π

0 0.017 ± 0.006

Overlapping γ 0.065 ± 0.065

Muon 0.090 ± 0.020

Single Beam 0.025 ± 0.014

Double Beam 0.006 (90% C.L.)

Total 0.197 ± 0.070

A
π+γγ
O(p6) = 1.550 ± 0.034 × 10

−4

A
π+γγ
O(p4) = 1.655 ± 0.060 × 10

−5

A
π

+
γγ

= 1.533 ± 0.036 × 10
−4

Acceptance

Expected Number of Events

1.6



Surviving events
All cuts applied

Simulated distribution
ĉ = 1.8 unitarity corrections

K+
→ π+γγ

Signal Region

Open Box

No 
Events



B(K+
→ π+γγ) = [6.0 ± 1.5(stat) ± 0.7)(syst)] × 10−7

Conclusions

THANK YOU

solid : ĉ = 1.8 (unitary corrections)

dashed : ĉ = 1.6 (no corrections)
Single Event
Sensitivity

B(K+
→ π+γγ;P

π
+ > 213MeV/c) < 9.1 × 10−9 (90% CL)

• Upper limit 7.6x 
improvement

• consistent with 
ChPT O(p6) & O(p4)

• More data needed.



• Upper



Extras



K+
→ π+X0, X0

→ γγ

B
ra

nc
hi

ng
 R

at
io

U
pp

er
 L

im
it 

(9
0%

 C
L

)

X0 lifetime

X
0

mass (MeV )





Reconstructing Photons in BV & BVL

• Trigger on 1 or 2 γ clusters

• 2 γ → 1 γcluster
for high mom. π+

π+ Momentum (MeV/c)

c
o
s
(θ

γ
γ
)

π+ mom. > 215 MeV/c

cos(θ between γs)

Signature of Signal



Side view of E949 detector



ĉ = −2 (solid), ĉ = 0 (dashed), ĉ = 2 (dot − dashed)

ChPT with O(p4)

Differential Branching Ratio



Momentum Spectrumπ
+

O(p4) (dashed) O(p6) (solid) for ĉ = 0.



Branching Ratio from ChPT

ĉO(p6) = 1.8 =⇒ B = 6.1 × 10
−9

ĉO(p4) = 1.6 =⇒ B = 4.9 × 10
−10

P
π
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different!

Values obtain from E787 1991



• no tree level 
contribution O(p2)

•                    amplitude is 
determined by 

•

Chiral Perturbation Theory (ChPT)

loop diagrams from ChPT
for O(p4)

K+
→ π+γγ

ĉ

ĉ ≡

128π2

3
[3(L9 + L10) + L14 − L15 − 2L18]

K+
→ π+γγ

ChPT prediction for



Backgrounds & Trigger Events

K+ decays at rest

Backgrounds
Suppression Methods

Kinematics Photon Particle ID Timing

K
+
→ π

+
π

0
√ √

Overlapping Photon
√ √

Muon
√ √

Single Beam
√ √

Double Beam
√√

K+
→ π+γγ triggers



Backgrounds
Suppression Methods

Kinematics Photon Particle ID Timing

K
+
→ π

+
π

0

√ √

Overlapping Photon
√ √

Muon
√ √

Single Beam
√ √

Double Beam
√√


